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A |=s φ θI(φ) ] B |=b ψ
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M = (S,L,→, A, λ)
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ÃÊÅÑ jÎGËÊßÃ 	
 →⊆ S × L× S ÐvÃÎÅKÆÎ *_Ã.Ð ÅÇÐ8Ñ*&ÆÊ
jÎuÅKÐ8Ñ *C	
 A ÐvÃÎ  *xÐ Å÷ÊlÃÊÅ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(s, a, t) ∈→
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L = L1 ∪ L2

A = A1 ∪ A2















(M1, E1) ≤ (M2, E2)
ij¬
(M1 ]M2, E1 × {1}) ≤ (M1 ]M2, E2 × {2})
³
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Ê*xÏ6Ð ÆÑ * Ê *UÅ
ρ : V → P(S)
ÐvÃ GÊ  *>Ê Ð * £ÈxÉÅKÐ Ï£ÊË 
‖p‖ρ = λ∗(p)
‖¬p‖ρ = S − λ∗(p)
‖X‖ρ = ρ(X)
‖φ1 ∧ φ2‖ρ = ‖φ1‖ρ ∩ ‖φ2‖ρ
‖φ1 ∨ φ2‖ρ = ‖φ1‖ρ ∪ ‖φ2‖ρ
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(X = φ) ∈ Σ
³
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Σ = {X1 = X2∧X3, X2 = Y,X3 =
Z}
³+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bv(Σ) = {X1, X2, X3}
tphx
































Ô 4     Ø   $ Ø - ¯ 5 Ø    ²y|mGkjw_rinmph«ÑÎ ÑpÎUÊÈxÎuÅKÐ8Ñ *Ã <Ã.ÅÂÊ
Σ


















	zÐvÃ]Ð Å8Ã pÆÊ'Î£Å÷Ê.Ã.Å¾ÃÑ¨ÈQÅKÐ8Ñ * 










10- Ô #  xmplr\_a±a»_tu`_knatu~>m£©pap r\xaainy½tOw_h_ivCw_a±ympknwQrinmph
‖Σ‖ρ = {X1 7→ ρ(Y ) ∩
ρ(Z), X2 7→ ρ(Y ), X3 7→ ρ(Z)}
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fv(φ[Σ]) = (fv(φ) ∪ fv(Σ)) − bv(Σ)
Î* 
bv(φ[Σ]) = bv(Σ)
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(M, E)
%RÊ pÊ  *>Ê
(M, E) |= φ[Σ]
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νX.p1∧ (νY.X∧ (p2∨Y ))ivysr'tuhxykntura6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X [X = p1 ∧ Y, Y = X ∧ (p2 ∨ Y )]
³
[]\xartphxyknturinmphinhr\_amur\_a,Qina:q.rijmGhivy]~xtGy|a6mph/¿aÀ}i  y0xinhxqin_kna  Q  ÇQ,\xinq'\a»Q_a:yy|a6y0t
ªx»}a6±>mpinhCrijhOt3_mQQwxq.rkvt£rrivqainhra`y]mu¬t½©Ga:qrmp]mp¬(qmp`UmGh_ahCr¹Ç,ivy|aª_»Qa:>mpinhCry:³
               










_aªxh_a6¶mGhÁ¬­mp`w_kvtua±ijhÒy|mp¹Âq:tuknkja6·yin`w_kvt£rijmGh¶h_mp`tuk0¬­mp` K   ½tuhUr\_a:h a»Crahx_a:ÁrmXtpkjk














 iny|r,0alQaªxh_ar\xal`tp__inh_o3¬­mG` ªxh_ijralyUa6qijªUqturinmphxyrm3¬­mp`w_kvtuaG³ Ú ªUh_i¨raly|>a:qi¨ªUq:t£rijmGh
(M, E)
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A = {p, q}
L = {a, b}
E = {s1, s2}
s1(p, q) s2(p)
s3()
 inopw_a   (»_tu`_knayUa6qijªUqturinmph
S
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λ(s1) = {p, q}
³
[]\xaqmpa6y|>mphUQijhxo¬­mG`½w_knt¬­mpr\_ivy]`m}_akzivy







Xs1 = [a]Xs2 ∧ [b]ff ∧ p ∧ q
Xs2 = [a] ff ∧[b](Xs1 ∨Xs3) ∧ p ∧ ¬q
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É'Î£ÅÇÐ8Ñ*_ÃÎ *«Ã.È &.&_Ñ<ÃÊ
S2
ÐvÃ  *xÐ Å÷Ê zÍQÊ *
S1 ≤ S2
Ð ±Î *
Ñ * Ð 
S1 |= χ(S2)

]ÆÑ:Ñ9 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φ
Ð *    
 inhxtuknkj{0altpaa:tp_{rma:knturalyij`½w_knturinmph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 #  ¯ÑuÆ
φ
Ð *&Ã.Ð½ÈjÎuÅKÐ8Ñ * *EÑ£ÆEÎ ÑuÆE 	'%RÊÍ}ÎuÏ<Ê
S ≤ θ(φ)
Ð Î *Ñ*  Ð 
S |= φ

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φ[Σ]
ijhCrm&r\_aa:Cw_in©£tuknahCr¬­mG`½w_knt
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φ
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Ð *UÅÂÑ«Ð Å8Ã±É'Ñ*.È *>ÉÅ8Ã3ÐvÃ
pÐ Ï£Ê *TË 
c(ψ) = {ψ1, . . . , ψm}
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ψi
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Ñ6ÉÉÈQÆ'Ã0È * uÈxÎuÆ pÊ 
Ð *
φ








ÐvÃlÊ &>Å   ÑuÆE½ÈjÎ
φ[Σ]
ÐvÃ %RÊ'Î   Ã'ÅÇÆÑ *:   pÈxÎ£ÆpÊ Ð 
Σ
ÐvÃ %RÊ'Î   Ã.ÅKÆÑ *:   uÈxÎuÆ pÊ  
;=< ¢ 
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Σ =
[
X = [a]X ∨ (q ∧ Y )
Y = [b] (X ∧ Y ) ∧ p
]
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Σ0
ivy]a:tuÀ}kn{opwxtp_a:¾³
  ¢_ Ô    ­   ¤p 5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¢ - 6ÇØ ¡ 
§Ú kjkCyraxy¯mu¬}r\xiny¯_\xtpyaItuaItux_kjina:grma:tGq'\
a6Cwxt£rijmGh«ijhUqknwxQinh_or\_a½hxa@mphxa:yijhCrmQQwxqa:OinhXy|ra: .³ ±~>aknm£l³g\Utpya `½wxyrg~UaqmG`_kjara6
¬­mGtuknkIa6GwUt£rinmphUyl~Ua¬­mpa`m£©}ijh_o/mGhrmO_\xtGy|a  .³[]\xaQa:yqij_rinmphmu¬,`mGy|r½y|raUylahxxy~}{Xtph
a6Cwxt£rijmGhinhxQivqturinh_o3r\_ala6GwUt£rinmph/y\xtu>altpq'\_ina©Ga:~C{r\_ala:yUa6q.rij©Gartphxy|¬­mp`turinmph±y|ra:z³




















K  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m<»lopmpw_xijh_otuhxqmp`_knarijmGh ¯dgmpw_~Um<»Qa:yzrmGopar\_a wxyijh_o
[a]φ1∧[a]φ2 ≡ [a] (φ1∧φ2)tuhx/tG_±`ivyyinh_o~Um<»Qa:y]wUy|inh_o
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X = φ
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Σ0
¬­mpIa,ijrinh_ogrmy|rmph_oGkj{
oGwxtu'Qa6¬­mp` inhOyra .³  tGyr\_a¬­mGkjknm£,ijhxo½a»Qtp`_kjay\_m£y:³ 0mGhxyinQa:]r\_ala6Cwxt£rijmGhy{Qy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Z = X ∧ YwUy|inh_oÁr\_a *EÊ9%a:Cwxturinmph²¬­mG
X
tuhU²opmpw__inh_o¶~>m<»Qa:y{}inakv_y
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tpa0`tuh}{lt<{Qy¯rmgmpQrij`ivy|a0r\xa0rtphxyknturinmphtu~>m£©paG³ xmpa»_tu`_knap
y|ra:xy  <.³  ¹b3mu¬I_\Utpya<<q:tuhO~>a½tp__knija6Ot£rtphC{>mpinhGrmu¬(r\_ar'tuhxy|¬­mp`t£rijmGhij¬
h
ivyw_E_tura:
inh r\_a·mp~}©}ijmGwxy±]t<{p³ m£a©Ga6,¬­mpr\xa·ytuÀGa&mu¬3t qkna:tpa:±_a:yahCr't£rinmph¯0a·mphxkj{µQmZr\_a6y|a
mGQrin`inyt£rijmGhxy,t£r]r\_alahxz³
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Σ0 = {X = tt}
³O[]\_ivyivy
qkja6tukj{/y|rmph_oGkj{opwxtp_a:!.³  stphxOinh    ?.³ßb ³l¿0m<»«qmp`_knarinmph 8y|ra .³ /]rtphxy¬­mG`ysr\_a
a6Cwxt£rijmGh/rm
X = [a] tt∧ [b] tt
³[]\xah&y|ra: .³ ±_mQQwxqa6y
Σ = {X = [a]Y ∧ [b]Y, Y = tt}
tuhx
h = {(∅, Y )}
8a6qtuknk
c(tt) = ∅
.³ Ú __kn{}ijh_o«y|ra:xy.³  ¹÷rm
Y
{}ija:kn_y
Y = [a] tt∧ [b] tt
³Cra
.³ r\_ah&{Cinakv_y









Σ = {X = [a]X ∧ [b]X}
³ICra .³  ½rw_hxy]r\_iny
inhCrm
Σ = {X = ([a]X ∧ [b]X ∧ p) ∨ ([a]X ∧ [b]X ∧ ¬p)}
³0\xtpya 0_mQQwxqa:y
X = {X1, X2}tphx
Σ =
[
X1 = [a] (X1 ∨X2) ∧ [b] (X1 ∨X2) ∧ p
X2 = [a] (X1 ∨X2) ∧ [b] (X1 ∨X2) ∧ ¬p
]
,\xinq'\inyijh«  0Uy|m
snf(φ) = (X1 ∨X2)[Σ]
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Y [Σi] ≡ Y [Σ0]
xtphx
CbQ³&i¨¬
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Y [Σi] ≡ ψ[Σi]
³gsahxqap










X = φ[ψ/Y ]
³¶¿{Áa>a:tura:_kj{¶tp__kn{Cinh_o
r\_ivygtpoGw_`ahCraoGar





÷hTyra,.³  aXqmphxyin_atph a:Cwxturinmph








ivyzhxmur t]©£tuivtu~_knap³¯[ 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(c(ψ), Y ) ∈
hi
r\xah

















Σ′i = (Σi −{X = φ}) ∪ {X = φ
















hi ∪ {(c(ψ), Z)}
³÷hC©£tpivtuhCrg  ivys_a:ya©pa6¾³ ÷h«Uturivqw_kvtu6









(c(ψ), Z) ∈ h′i
tphx·i¨r\xmpkv_yl¬­mGtuknkIakna`a:hGr'yinh
hi~}{«  ³ Ú oCtuinhzE~}{Oa:Ua6t£rinh_o±r\_ivyltuopw_`a:hGrmph_aqtph&a:tGy|inkn{/yaar\xturl~Umpr\&inh}©£tuintphGr'ys\xmpkv/¬­mp
(Xi+1,Σi+1, hi+1)
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¬­mp`w_kvtualmp¬RtuhOa:Cwxturinmph






















 Ô}Ø ¡ Ô 



















. Ø   Ô   Ô  ¤ Ô  ¦ a`ahCrinmphXt¬­a qmphUy|a6Gwxahxqa:y,mp¬0[]\_amGa:`y  tphxOx³gzar
(S,≤)
~>a½r\_a
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r't£ra:y













s1 |=w [a] p
x~_wQr
hxmur













































Ô 4     Ø  -  ¯ÊÅ
M = (S,L,→, A, λ)
ËÊ/Î Ñ5GÊ
  zÍ}Ê&yturw_'t£rijmGh Ñ
M
ÐvÃ±Å8ÍQÊ ÑpÊ










Ã &_Ê'ÉÐ ÉÎuÅKÐ8Ñ *
(M, E)
ÐvÃlÅKÍ}ÊÃ &QÊ'ÉÐ 0É'Î£ÅÇÐ8Ñ*
















































θ (σ (φ)) = sat(θ (σ (φ))).
]ÆÑ:Ñ9 0kna:tpkn{p





θ (σ (φ)) |= σ(φ)
³[]\_a:hzx~}{mGUmCy|ijrinmph  ­ini"
sat(θ (σ (φ))) |= σ(φ)
>tuhx/tuoCtuinh±~}{±[]\_a:mpa` U




	'& &jÊÅKÃÎ *Ñ &_Ñ<Ã.Ð ÅÇÐ8Ñ*EÎUÊÆ.Ð É'Î£ÅÇÐ8Ñ* b 
[]\_a6y|aXa6y|wxk¨r'y±tuknknm£Är\_a«¬­mGkjknm£,inh_o q'\xtptGq.ra:ivyt£rinmphÒmu¬yin`w_kvt£rijmGh kjmGopivqu,inhµr\xaXy|r{Ckna&mp¬
[]\xampa` U³
 Ô}Ø ¡ Ô 
 > 
S ≤w θ (σ (φ))




S ≤w θ (σ (φ))
\_mpkv_y~}{/ImGUmCy|ijrinmph  ­i,a»QtGq.rkj{/,\_a:h
S ≤ sat(θ (σ (φ)))
E,\_ivq'\«~}{
¯a``tl\xmpkv_yRa»_tpq.rkj{3,\_a:h









tp__kninq:t£rijmGhxysinhXmGw_opahxa'tukh_murijmGhXmp¬yUa6qijªUqturinmphz³ ¦ ay|rwxQ{Xy|a6GwxahCrivtuk*8yinh_opkna¹Çr\_a:tGQa: 
































bGb   &UÆÊ*:CÊÆ 	  ÈQÆÑ£ÏÈQÐvÃ Î*
Ô 4     Ø  :  7080 - Ô       Ô ¡ 6 ¢_¤ Ô   *Ttu_xkjarinhCra:|¬8tGqaÁÐvÃ«Î &QÎuÐ Æ
I = (I+, I−)
	 %(Í}ÊÆÊ
I+, I− ⊆ Meth
ÎuÆÊ  *UÐ ÅÂÊÃÊÅ8ÃÑ *EÎÊ.ÃOÑ²_m£©}inQa6¼Î * a6Gwxija: ÊÅ8ÍQÑ5£Ã 	ÆÊ.Ã &_Ê'ÉÅÇÐ Ï<Ê 












ÐvÃ GÊ  *>Ê OË 















ÊÅ8ÍQÑ5 *>ÎÊÃÐvÃÎ  *xÐ Å÷Ê ÑpÊ






Lm = M ∪ {ε}
	














































Ô 4     Ø      0@0- Ô     *tux_kjar
A
%Ð Å8ÍÐ *UÅÂÊÆ ÎpÉ'Ê
I
	 %Æ.Ð ÅKÅ÷Ê *
A : I









 (Mm, Em) : ({m},M)
Ð 
(Mm, Em)





































¢     È & &QÑ£ÃÊ
A = (M, E)
ÐvÃÎ *XÎ%& &jÊÅ %Ð Å8Í
M = (V, L,→, A, λ)
 zÍ}Ê*&Ð ÅKÃgÐ *UÅÂÊÆ ÎpÉ'Ê
ÐvÃ





	'& &jÊÅKÃÎ *Ñ &_Ñ<Ã.Ð ÅÇÐ8Ñ*EÎUÊÆ.Ð É'Î£ÅÇÐ8Ñ* bp
























 Ô}Ø ¡ Ô 





























, ¢ <  
¢ -]¢C080 - Ô  6 ¯ar










ΣI = {Xm = φm | m ∈ I
+}
φm = [I
−, ε]Xm ∧ pm
pm = m ∧
∧
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Xm1 = [m1,m3, ε]Xm1 ∧m1 ∧ ¬m2










 ¡ Ø 0 Ø 5   Ø  #   ÊÅ
I = (I+, I−)
ËÊOÎ* Î%& &jÊÅÐ *UÅÂÊÆ ÎpÉ'Ê
	 nÊÅ
(M, E)
ËÊOÎ * &Ã&_Ê'ÉÐ É'Î£ÅÇÐ8Ñ*
ÑuÏ<ÊÆ
L = I− ∪ {ε}
Î* 
A = I+ ∪ {r}
 3ÊÍ}ÎuÏ<Ê
(M, E) |=s φI [ΣI ]
Ð ½Î *Ñ*Ð 
(M, E)
ÐvÃ
Î *·Î &.&nÊÅ %Ð Å8Í/Ð *xÅ÷ÊÆ ÎpÉ'Ê
I
	¯iÇ³ aG³
(M, E) : I

?@? ïACBÿED.ü




(M, E) |=s φI [ΣI ]
³ ¦ awxyasinhxQwxqrinmphmGhr\_agy|i  amp¬
I+
³  mprasr\xtur0a:tGq'\





















I+ = I1 ] I2
}inhxqa














(M1, E1) ] (M2, E2) = (M, E)
³
¦ aqtphOQa:qmp`UmCy|a






(M2, E2) : (I2, I
−)
Qr\CwUy,~}{  saªxh_ijrinmph  !













{ε},→m, {m, r}, λm), Vm)
x,\_aa
Vm = {Xm,r, Xm,¬r}
→m = Vm × (I
− ∪ {ε})× Vm
λm = {(Xm,r, {m, r}), (Xm,¬r, {m})}
 y|inh_or\_aa:knturinmph



















Ô 4     Ø      , ¢ <  
¢ -]¢C080 - Ô    zÍ}Ê3`t£»Qin`tukztux_kjar %'nÆnÅ4(Ð *xÅ÷ÊÆ ÎGÉ'Ê
I
ÃÎ£ÅÇÐvÃ  £Ð * 
φ[Σ]ÐvÃ pÊ  *EÊ lÎ<Ã
θI(φ[Σ]) = θ(φ∧φI [Σ,ΣI ])























 Ô}Ø ¡ Ô 
   $  :¡ ¤u  Ö, ¢ <   ÊÅ
A : I
ËÊÎ* Î &.&nÊÅ4 zÍ}Ê*
A ≤s θI(φ[Σ])








A |=s φ∧ φI [Σ,ΣI ]
³[]\_a
a:yw_kjr]r\_a:h¬­mGkjknm£y¬­mp`Ì[]\_a:mpa` U³






	'& &jÊÅKÃÎ *Ñ &_Ñ<Ã.Ð ÅÇÐ8Ñ*EÎUÊÆ.Ð É'Î£ÅÇÐ8Ñ* b, 




8q:tuknk" m1,m2 ∈ I+ v1 m2−−→m1 v′1 v2 |= m2 v2 ∈ E
(v1, σ)
m1call m2−−−−−−→ (v2, v′1 · σ)
­arw_h  m1,m2 ∈ I+ v2 |= m2 ∧ r v1 |= m1
(v2, v1 · σ)
m2 ret m1−−−−−−→ (v1, σ)
[tu~_kna   Ú __knars[ tphxyi¨rijmGh,wxkja6y
Ô 4     Ø   +  Ô  ¢ &  Ø ¯¡    ÊÅ
A = (M, E) : (I+, I−)
ËÊ¶ÎµqkjmCy|a6 Î &.&nÊÅ/Î* nÊÅ
M = (V, L,→, A, λ)
 ¾ÍQÊ~>a\Ut<©CinmpwxlÑ
A
ÐvÃ GÊ.ÃÉÆ.ÐKËÊ Ë ½ÅKÍ}ÊÃ &_Ê'ÉÐ ÉÎuÅKÐ8Ñ *
b(A) = (Mb, Eb)
	
%(ÍQÊÆÊ
Mb = (Sb, Lb,→b, Ab, λb)
ÐvÃ pÊ  *EÊÎ<Ã ÑnÑ7%(Ã
 Sb = V × V ∗
	ziK³ ap³¾Ã.Å÷Î£Å÷Ê.ÃÎ£ÆÊ &_Î£Ð Æ'Ã½ÑÉÑ *xÅÇÆÑ &QÑuÐ *xÅKÃÎ *Ã'Å÷ÎpÉ 6Ã 
 Lb = {m1 l m2 | l ∈ {call, ret}, m1,m2 ∈ I+} ∪ {ε}
 
 →b
ÐvÃ pÊ  *EÊË ±Å8ÍQÊÆ.ÈjÊÃÑ UÎGË
jÊ  
 Ab = A
 0Î *








ÐvÃ pÊ  *EÊË 
Eb = E × {ε}

 murar\xturgtp__knars~>a\xt<©}inmpw_Qaªxhxa:ygtqmGhGra»}r|¹Ç¬­aal_mQqa:yyKy|a:ap>ap³ ox³n  ! ¬­mptph«y|wx©Ga{±mp¬
inhQªxhxi¨ral_mQqa:yyy|rwxqrw_a:y.³
$  












 Ô}Ø ¡ Ô 
 + $ )








A1 = (M1, E1)
tphx







Rb = {(v, σ), (v
′, σ′) | (v, v′) ∈ R, |σ| = |σ′|
tuhU
(σ(i), σ′(i)) ∈ R
¬­mptuknk
0 ≤ i < |σ|}
?@? ïACBÿED.ü
b !   &UÆÊ*:CÊÆ 	  ÈQÆÑ£ÏÈQÐvÃ Î*
I = ({m1}, {m1})
E = {s1}





























((v1, ε), (v2, ε)) ∈ Rb
³
 m£Òyw__>mGyar\xtur











   Ð *>É'Ê
(v1, v2) ∈ R
Î*
v1 →m v2










2, σ2)) ∈ Rb


















   Ð *EÉÊ








































1 · σ1), (u2, v
′
2 · σ2)) ∈ Rb














′    Ð *EÉÊ ((v1, σ1), (v2, σ2)) ∈ Rb %RÊ3Í}ÎuÏ<Ê σ2 = w2 · σ′2
Î* 
(w1, w2) ∈ R
	]Å8ÍCÈ}Ã
w2 |= m
 ¾ÈQÆ.ÅKÍ}ÊÆ 	(Ã'Ð *EÉ'Ê
(v1, v2) ∈ R
	+%RÊ  *>Ñ %²Å8ÍQÎ£Å
v2 |= m∧ r
 ½Ê *EÉ'ÊE	ÅKÍ}ÊÆÊÐvÃÎÅKÆÎ*_Ã.Ð ÅÇÐ8Ñ*
































	'& &jÊÅKÃÎ *Ñ &_Ñ<Ã.Ð ÅÇÐ8Ñ*EÎUÊÆ.Ð É'Î£ÅÇÐ8Ñ* b:"
           















A |=s φ θI (φ) ] B |=b ψ





















 Ô}Ø ¡ Ô 










θI(φ) ] B |=b ψ
Ð Î* «Ñ*/Ð 
























θI(χ(A)) ] B |=b ψ
















θI(χ(A)) ] B ≤b A]B
³+ inhxtuknkj{G 0mpmpknkntp{b3tuhxr\_atGyyw_`QrijmGh
in`_kn{r\Ut£r



















































































































A |=s φ θI(φ) ] B |=s ψ
A ] B |=s ψ
( 
  )




 inhxtuknkn{p6rmgQa`mphUyrturar\_a0wUy|a0mu¬_mpwx tux_mCtpq'\inh_'tpq.rinqap<aR_a:yahCr ty|`tuknkpa»_tu`_knap³ []\xiny
a»_tu`_kna½ivylty`tuknkja::z_iny|rinkjkna:X©pa:yinmph«mp¬tkntpoGaqtpyayrwxQ{Omph·©pa:ijªUq:t£rinmph&mu¬0~>a\Ut<©Cinmpwxtpk
yt£¬­ar{_mGUa:|rija6yl¬­mG3tph¶akna:qrmph_ivq_w_'yap³[]\_iny3qtGy|ayrwxQ{ivy3_a:yqij~>a:Áa:knya,\xaaijhZ`mpa








A : ({m1,m2}, {m1,m2,m3})
tphx



















(ϕ) ¬m1 ∨ Z [Z = (m1 ∧ r) ∨ ([K]  ∧ [−]Z)] ø ïæÇÜ<ëö|å'ÞÇë,Þ8æÇê6ì6é3á.ïà¯Ü<ÝßöÂÜ½æKÜ<ÝßÞRë48<å2,ä<èßëÝßÞ0í£å'ÞKëì QæÇÜ6ÝßÞ0ÝßÞæKÜ<ëöå'ÞKë]ñná.âRå 2,ë÷æKÜ<áì½à¯Ü<ÝßöÂÜ½ÞÇÝ 5.ï£å'èßÞIæÇÜ<åæ]å
ö|ëâ­æÂå'ÝßïlæÇå'í<èßëRÝßÞ¯ñjê<èßè  
	 æKÜ<ëâå'ä<ä<èßë÷æKÞ(ö|å'ïlâKë5.ÝßÞKæKëâæKá35.ë÷æ æÇÜ<ëRÝßï6ñjá.â=2åæKÝßá.ïgæKÜ£åæ(æKÜ<ÝßÞ æÇå'í<èßëRÝßÞ ñjê<èßè uå'ï<ìæKÜê<ÞæKÜ£åæ
æÇÜ<ë÷égípë÷æ8æÇëâ(â8ë|å'ìlÝ æÇÞ öá.ïæKëïæKÞíuëñjá.â8ëÝ æ¯à ÝßèßèGíuë0ë2,ä6æKÝßëì   	 á|à¾ë4;ë|â uæÇÜ6ÝßÞ(Ýßï6ñjá.â=2åæKÝßá.ïgÞKÜ<á.ê<èßìï<á'æíuë0ä£å'ÞKÞÇëìá.ï
æÇáæKÜ<Ýßâ8ìgä£å'â­æ élå'ä6ä<èßë÷æÇÞzà¯Ü<á]ì<Ýßìsï<á'æ ä£å|éñjá.âzæKÜ<ÝßÞ¯Ýßï6ñjá.â=2åæKÝßá.ï  
ø?>8?zø@
  Ð½ÈnÎ£ÅÇÐ8Ñ* ÑuÐ8É
	'& &jÊÅKÃÎ *Ñ &_Ñ<Ã.Ð ÅÇÐ8Ñ*EÎUÊÆ.Ð É'Î£ÅÇÐ8Ñ* bp
,\xaa















®Um£ rmw_hUtuwQr\_mpinya:tux_kjivqturinmphxy  Â³
[]\_ivy¬­mp`w_kvtÁa»}xa6yya:yr\xtur,ijr\_inh `ar\_mQ
m1































(σA) ¬m1 ∨ (X ∧m1)[X = [m1,m2]  ∧ [ε,m3]X ]































θIA(σA) ] θIB (σB) |=b ϕ
³T[]\xa«_mp>arina:y3¬­mpr\_a«inhxQin©}in_wxtukgtu__knar'yqtphµ~Ua
q'\xa:q'Àpa6±wUy|inh_oa»Qivyrijhxo3`mQQa:k q'\_a6q'ÀCinh_o½ra6q'\_h_ivGwxa:y:xy|m\xaal0ag¬­mQqwxysmphr\xal_m}mp¬mp¬ r\_alkntGyr
ya:Cw_a:hCr:Ewxyijh_o±r\_a`t£»Qin`tuk`3mQQa:kqmphUyrwxqrinmph«xa6y|a:hGra:Oa6tukjina6³ _mpknknm£,ijh_o  saªxh_ijrinmph  "}
r\_al`t£»Qin`tpkztu_xkjar]ivyqmphxy|rwxq.ra:tpy¬­mGkjknm£y
  rtpÀpar\xa½qmGh£w_hxqrinmphOmp¬ r\_a½y|rwxq.rw_'tuk¯yUa6qijªUqturinmphOtuhUr\_aq'\Utu'tpq.rainy|rivq¬­mp`w_kvt½¬­mp
r\_aloGij©GahijhCra¬8tpqa 












(φIB ) Xm3 [Xm3 = [m1,m2,m3, ε]Xm3 ∧m3]
 ø ïæÇÜ<ë,ñjá.â=20ê<èçå
¬m1 ∨ (X ∧ m1)
xæKÜ<ë,öá.ï'õ8ê<ï<ö÷æ
m1
ÝßÞRâ8ë|ì6ê<ï<ì£å'ïæ]ÝßïæÇÜ6ësÞKëö|á.ï6ìì<ÝßÞnõ8ê<ï<ö÷æ   	 áà¾ë4;ëâ Uà¾ë
ñná.ê<ï6ìgæÇÜ<åæå'ì<ì<Ýßï5sÝ æ å'èßèßá|à Þ¯æÇá,ëèßÝ 2,Ýßï£åæKë 	ê<ÝßöÂãè éÝßï<öá.ï<ÞKÝßÞKæKë|ïæ(á.â¯â8ë|ì6ê<ï<ì£å'ïæIö|å'ÞÇëÞì<ê6âKÝßï65,æKÜ<ëIæÇâKå'ï<ÞKñjá.â2åæÇÝßá.ï
ÝßïæKáù>  6> á'æ å'ì<ì<Ýßï5æÇÜ6ëRöá.ï'õ8ê<ï<ö÷æ ä<â8á:ì<ê6ö|ëÞ¯æÇÜ<ëIÞÇå2,ë(âKëÞKê<è æ<í<ê6æ¯âKë
	ê<Ýßâ8ë|Þ 2,á.âKëèßá15.Ýßöå'èCÞÇÝ 2,ä<èßÝ ó£ö|åæKÝßá.ï<Þ  
?@? ïACBÿED.ü







Z = (¬m3 ∨ Y ) ∧Xm3
Y = [m1,m2]  ∧ [m3, ε]Y
Xm3 = [m1,m2,m3, ε]Xm3 ∧m3








Z = (¬m3 ∨ [m1,m2]  ∧ [m3, ε]Y )∧
[m1,m2,m3, ε]Xm3 ∧m3
Çb wQrr\_ala:CwxturinmphijhCrm    
Z = (¬m3 ∧ [m1,m2,m3, ε]Xm3 ∧m3) ∨
([m1,m2]  ∧ [m3, ε]Y ∧ [m1,m2,m3, ε]Xm3 ∧m3)
tuhx/yij`_knij¬­{
Z = [m1,m2]  ∧ [m3, ε]Y ∧ [m1,m2,m3, ε]Xm3 ∧m3
K dgmGw_½tphxqmp`_knaraR~>m<»}a6y³a:ah_mg~Um<»Qa:ytuaR`ivyyinh_ox<r\_aa¬­mGa00a0mph_kn{lopmpw_~Um<»Qa:y £³















Z = [m1,m2]  ∧ [m3, ε]U ∧m3
,\_inkjalaijhCrmQQwxqar\_ala:Cwxturinmph
U = Y ∧Xm3
 øvñ¾à¾ë0ñná.èßèßá|àæÇÜ6ëå'è 5.á.âKÝ æKÜ62Tä6âKëöÝßÞÇë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F =  ∧ Xm3
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Z = ([m1,m2]  ∧ [m3, ε]U ∧m3 ∧ r) ∨










U = Y ∧Xm3
³
  ,a,ijrinh_oijhCrmy|rmphxopkn{opwxtpQa6¬­mG`Äopin©pa:y
U = [m1,m2]  ∧ [m3, ε]Y ∧
[m1,m2,m3, ε]Xm3 ∧m3
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K dgmGw__inh_o~Um<»Qa6y]a6y|w_kjry]inhr\_a¬­mGkjknm£,inh_ox³














U = ([m1,m2]  ∧ [m3, ε]U ∧m3 ∧ r) ∨
([m1,m2]  ∧ [m3, ε]U ∧m3 ∧ ¬r)





U1 = [m1,m2]  ∧ [m3, ε](U1 ∨ U2) ∧m3 ∧ r,
















































E = {U1, U2}
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m1,m2,m3
   ε
m1,m2,m3






























U1 = [m1,m2]  ∧ [m3, ε](U1 ∨ U2) ∧m3 ∧ r
U2 = [m1,m2]  ∧ [m3, ε](U1 ∨ U2) ∧m3 ∧ ¬r
]
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